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[57] ABSTRACT 
Novel cellular and non-cellular polymers are provided 
in which the major recurring polymer unit is isocyanu 
rate which polymer comprises the reaction product 
obtained by bringing together an aromatic polyisocya 
nate, a trimerization catalyst, and a minor amount 01' a 

carbamate modi?er. 
The use of the carbamate modi?er allows for the pres» 
ence of high catalyst levels without shortening the reac 
tion initiation period. At the same time, the resulting 
cure is very rapid and the extent of cure much deeper 
than has heretofore been attainable. 

14 Claims, No Drawings 
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POLYISOCYANURATE POLYMERS PREPARED 
USING CARBAMATE MODIFIER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to polyisocyanurate polymers 

and is more particularly concerned with improved 
polyisocyanurate foams, ?lms, coatings, and the like. 

2. Description of the Prior Art 
The trimerization of an excess of organic polyisocya 

nates with minor amounts of polyhydric alcohols to 
form polyisocyanurate-polyurethane polymers is well 
known in the art; see for example U.S. Pat. Nos. 
3,745,133, 3,986,991, 3,896,052, and 3,899,443. 
When the faster polyurethane forming reaction is 

combined in the same formation with the slower 
polyisocyanurate reaction, various types of problems 
can occur. The prior art has dealt with this problem of 
unequal reactivity mainly by employing particular cata 
lysts or catalyst combinations for particular tasks; see 
particularly the last three patents cited supra. 
The prior art still suffers from the dif?culty of slow 

overall cure rate at the ?nish of the polymer forming 
reaction. lf suf?cient amounts of catalyst are employed 
to effect rapid cure a too rapid onset of the polymeriza 
tion process occurs making handling of the material 
difficult if not impossible. 

It has now been discovered that the trimerization of 
polyisocyanates in the presence of a minor amount of a 
carbamate modi?er provides polyisocyanurate poly 
mers which have a much more rapid and deeper cure 
than prior art materials and yet, at the same time, have 
the same or slower initiation rates. 
The carbamate modi?ers, because they have no hy 

droxyl groups to form polyurethanes, allow the pres 
ence of catalyst levels, which, surprisingly, can be ten to 
twenty times the amounts used in conventional trimer 
/urethane reactions. The high catalyst level is what 
gives rise to the very rapid cure out of the polymers in 
accordance with the present invention. 
The polyisocyanurates are characterized by higher 

percent trimer content than prior art polymers. Unex 
pectedly, this higher trimer level is reached at lower 
peak reaction exotherm levels compared to the prior art 
polymers. 

In a further advantage to flow from the present in 
vention, there is superior processing latitude in the pres 
ent polymers compared to the prior art materials. 

SUMMARY OF THE INVENTION 

This invention comprises a polymer in which the 
major recurring unit is isocyanurate which polymer 
comprises the reaction product obtained by bringing 
together an aromatic polyisocyanate, and a trimeriza 
tion catalyst, the improvement which comprises incor 
porating into said polymer a minor amount of a carba 
mate modi?er selected from the group consisting of 

aloocmml, I 

R|0-(—OCNHIFNHCOOIPOHTOCNHIFJNHCOOR1. " 
x 

m 

Y Y 

and mixtures thereof; wherein R1 and R1 each indepen 
dently represents hydrocarbyl; R3 is a polyvalent hy 
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2 
drocarbon radical; R4 is a polyvalent organic radical; n 
has an average value from O to 10; X represents 

and Y represents 

x "12-2: 

wherein n is defined above, and 1m and m; represent the 
valencies of R3 and R4 respectively. 
The value of m1 and m; determines if branching or 

cross-linking occurs in the compounds of (II) or (III). 
When ml or m; is 2 then no branching occurs as de?ned 
by the expression m;-2 and mg~2 in X and Y above. 
The invention also comprises the cellular 

polyisocyanurates arising from the preparation of the 
above polymers in the presence of blowing agents. 
The invention also comprises ?lm or coating compo 

sitions comprising the above polymers. 
The invention also comprises the molded composi 

tions derived from the above polymers. 
The term "hydrocarbyl” means the monovalent radi 

cal obtained by removing one hydrogen atom from the 
parent hydrocarbon having from 1 to 18 carbon atoms. 
Illustrative of hydrocarbyl are alkyl such as methyl, 
ethyl, propyl, butyl, pentyl, hexyl, octyl, decyl, dode 
cyl, hexadecyl, octadecyl, and the like, including iso 
meric forms thereof; alkenyl such as allyl, butenyl, 
pentenyl, hexenyl, octenyl, decenyl, undecenyl, tridece 
nyl, hexadecenyl, octadecenyl, and the like, including 
isomeric forms thereof; aralkyl such as benzyl, phen 
ethyl, phenylpropyl, benzhydryl, naphthylmethyl, and 
the like; aryl such as phenyl, tolyl, xylyl, naphthyl, 
biphenylyl, and the like; cycloalkyl such as cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and 
the like including isomeric forms thereof; and cy 
cloalkenyl such as cyclopentenyl, cyclohexenyl, cyclo 
heptenyl, cyclooctenyl, and the like, including isomeric 
forms thereof. 
The hydrocarbyl groups can be substituted by one or 

a plurality of substituents provided the latter are not 
reactive with isocyanate groups. Illustrative of such 
substituents are halo, i.e. chloro, bromo, fluoro, and 
iodo; nitro; alkoxy from I to 8 carbon atoms, inclusive, 
such as methoxy, ethoxy, propoxy, butoxy, pentyloxy, 
hexyloxy, heptyloxy, octyloxy and the like, including 
isomeric forms thereof; monoalkyl ethers of a polyalky 
leneoxy radical having a molecular weight from about 
200 to about 750, wherein the monoalkyl ether groups 
have the same de?nition as alkoxy above; and monoaryl 
ethers of a polyalkyleneoxy radical having a molecular 
weight from about 140 to about 600 wherein the monoa 
ryl ether has from 6 to 12 carbon atoms, inclusive, such 
as phenoxy, p-methylphenoxy, naphthoxy, and the like. 
The term “polyvalent hydrocarbon radical” means 

the divalent, trivalent, tetravalent, pentavalent, hexava 
lent, heptavalent, and octavalent radical obtained by 
removing two, three, four, ?ve, six, seven or eight hy 
drogen atoms from the parent hydrocarbon having a 
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carbon atom content of from 6 to 36, inclusive. The 
term "parent hydrocarbon" has the same signi?cance as 
used in de?ning “hydrocarbyl" above except for the 
difference in the number of hydrogen atoms removed 
and the difference in the carbon atom limitations. In 
cluded in this de?nition is alkylene, phenylene, tolylene, 
xylylene, naphthylene, diphenylylene, and radicals hav 
ing the formula 

Z 

wherein z is 0 or a number having an average value 
from 0 to l. 
The term “polyvalent organic radical” means the 

divalent, trivalent, tetravalent, pentavalent, hexavalent, 
heptavalent, and octavalent radical obtained by remov 
ing the two, three, four, ?ve, six, seven, or eight hy 
droxyl groups from the corresponding organic polyols 
having a molecular weight of from about 60 to about 
5000 such as polyether polyols, polyester polyols, ali~ 
phatic polyols, aromatic polyols, nitrogen containing 
aliphatic or aromatic polyols, cycloaliphatic polyols, 
and the like. 

Preferred amongst the carbamate modi?ers in accor 
dance with the present invention are those having the 
formula (II) defined above. Preferred members of this 
class (II) are (a) those having n=0 and the value of m1 
is 2; and (b) those of formula (II) wherein n has an 
average value of from about 0.5 to about 5 and the value 
of both ml and m; is 2; and mixtures of (Ila) and (Ilb). 
Of the polyvalent hydrocarbon radicals R 3, preferred 

are the aromatic polyvalent radicals, and most preferred 
are the aromatic divalent radicals. 
Of the polyvalent organic radicals R4, preferred are 

the polyvalent polyalkyleneoxyalkyl radicals, and most 
preferred are the divalent polyalkyleneoxyalkylene 
radicals. 
The carbamate modi?ed polyisocyanurates can be 

used to prepare cellular materials, ?lms, coatings, mold 
ings, and the like. 

Polyisocyanurate cellular materials, or foams, are 
well known for their heat and ?re resistance and are 
used in making laminate boards and foam bun stock 
which are both used in building construction for ther 
mal and sound insulation. 
The ?lms and coatings can be used for applying pro 

tective coatings to sheet metals such as zinc, aluminum, 
steel, and the like, especially electrical control boxes 
and appliances requiring a coating which will withstand 
relatively high temperatures. 
The moldings can be used in the form of potting 

compounds for electrical components, rheostat pots, 
and the like. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The novelty of the present invention resides in the 
incorporation of a minor amount of a carbamate modi 
?er de?ned hereinabove into the polymer forming in 
gredients comprising the aromatic organic polyisocya 
nate, trimerization catalyst, and any other optional adju 
vants conventionally employed in the preparation of 
polyisocyanurate polymers. 
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4 
The carbamate modi?ers can be assigned a calculated 

carbamate equivalent weight which is simply de?ned by 
the following equation. 

mol. wt. 
No. of carbamate 
groups per mole 

carbamate equiv. wt. = 

The optimum quantity of carbamate modi?ers to be 
employed in preparing the polyisocyanurate polymers 
in accordance with the present invention is easily deter 
mined by simple trial and error. Advantageously, the 
modi?ers are used within a range of from about 0.02 to 
about 0.5 carbamate equivalent per equivalent of poly 
isocyanate employed, preferably from about 0.1 to 
about 0.25 carbamate equivalent per equivalent of poly 
isocyanate. 
Although not essential, it is preferable for ease of 

handling that the carbamate modi?ers be liquids, or 
alternatively, easily lique?ed by heating. Generally 
speaking, the molecular weight of the carbamate modi 
?er falls within the range of from about 150 to about 
6000. 
The carbamate modi?ers de?ned by the formulae 

(I-III) above are readily prepared using any convenient 
means for the preparation of carbamate linkages known 
to those skilled in the art. 

Typically, the carbamate modi?ers are derived from 
the reaction of a hydroxyl compound (or chloroformate 
derivative thereof) with an isocyanate (or correspond 
ing amine thereof) provided the total equivalents of 
hydroxyl (or chloroformate) and total equivalents of 
isocyanate (or amine) are in essentially equal propor 
tions so that the product be essentially free of isocyanate 
and hydroxyl groups or chloroformate and amine 
groups. Preferably, the carbamates are prepared by 
reacting hydroxyl compounds with isocyanates. 
The carbamate modi?ers de?ned by (I) are readily 

prepared in accordance with the following equation by 
the reaction of a monohydric alcohol with a monoisocy 
anate 

wherein R1 and R2 are de?ned as above. 
Carbamate modi?ers having the formula (II) wherein 

n=0, and X is non-existent, that is to say, m1 is two so 
there is no branching or cross-linking, are readily pre 
pared in accordance with the following equation, 

mIRIOH + Rlmcoimwémmucooknmi 
VI II; n = 0; X = 0 

wherein m], R], and R3 are de?ned above. 
Similarly, the carbamate modi?ers (III) wherein n =0 

and Y is non-existent are prepared in accordance with 
the following equation, 

wherein m2, R1, and R4 are de?ned above. 
In the case of the carbamate modi?ers (II) and (III) 

wherein the average value of n is greater than zero, it 
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will be obvious to one skilled in the art that a polyhyd 
ric alcohol and a polyisocyanate cannot be reacted 
together in equivalent amounts as the sole reactants 
without excessive polymer formation or gelation occur 
ring. Accordingly, either the polyhydric alcohol or 5 
polyisocyanate must be used in excess of one over the 
other with the resultant hydroxyl or isocyanate termi 
nated prepolymer being capped by the monoisocyanate 
or monohydric alcohol respectively. 

Accordingly, the carbamates of formula (II) are pre- 10 
pared in accordance with the following equation, 

xs Vl + VII—>"('OCNHIFJNHCOOIVO'MOCNHIPNCO 
X Y X 15 

capping with R|OH 

ll 20 

and the carbamates of formula III by the following 
equation, 

25 

Y X Y 

capping with RgNCO 

Ill 30 

wherein the X and Y are de?ned above with the excep 
tion that prior to the capping reactions, and, if X and Y 
are greater than 0, X and Y have terminal groups of 
NCO and OH respectively which then are converted by 
the capping reactions to the X and Y de?ned hereinbe 
fore. 

In the simplest embodiment of (II) and (III) the three 
ingredients, namely, the polyhydric alcohol, the poly 
isocyanate, and either the monohydric alcohol or 
monoisocyanate are reacted in a one-shot procedure. an 
isocyanate or hydroxyl terminated prepolymer is pre 
pared which is then capped with the appropriate mono 
functional isocyanate or alcohol. For a detailed teach 
ing of the method of urethane or carbamate forming 
reactions and prepolymer urethane forming reactions 
from alcohols and isocyanates see Saunders and Frisch, 
Polyurethanes: Chemistry and Technology Part I 1962, 
and Part II 1964, Interscience Publishers, New York, 
N.Y.; see Preparative Methods of Polymer Chemistry 
by Sorenson et al, p 152 (i968) Interscience Pub., New 
York, NY. for typical urethane formation from chloro 
formates and amines. 
The completion of the reaction is easily determined 

using any appropriate analytical method for the deter» 
mination of either the isocyanate group or hydroxyl 
group and the absence thereof. A particularly effective 
method is the infrared absorption analysis for the isocy 
anate or hydroxyl group. The carbamate equivalent 
weight can be simply determined by dividing the com 
bined weight of the alcohol-isocyanate components by 
the total number of equivalents of alcohol or total num 
ber of equivalents of isocyanate used. 
The monohydric alcohols (IV) which have R) groups 

falling within the definition set forth above in accor 
dance with the present invention are any of the organic 
monohydric primary or secondary alcohols having a 
molecular weight falling within a range of from about 
32 to about 1000 and preferably from about 80 to about 
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750. Included in this class are aliphatic alcohols, phe 
nols, alicyclic alcohols, monoalkyl ethers of glycols, 
monoalkylethers of polyalkyleneoxy glycols, monoaryl 
ethers of polyalkyleneoxy glycols, monoalkyl ethers of 
dihydric phenols, and the like. 

Particularly preferred members of this class of mono 
hydric alcohols are the monoalkylethers of glycols, and 
the monoalkylethers of polyalkyleneoxy glycols. 

Preferred species of (IV) include the monomethyl-, 
monoethyl-, and monobutyl ethers of ethylene glycol, 
the monomethyi-, monopropyl-, and monobutyl ethers 
of propylene glycol, the monomethyl-, monoethyl-, and 
monobutyl ethers of diethylene glycol, the monomethyl 
ether of dipropylene glycol, and the monomethyl ethers 
of the polyethyleneoxy glycols having a molecular 
weight from about 350 to about 750. 
The polyhydric alcohols VII which have an R4 poly 

valent organic radical falling within the above defini 
tion are any of the organic primary or secondary alco 
hols having a functionality of from 2 to 8, preferably 
from 2 to 3, and most preferably 2 and further charac 
terized by having a molecular weight of from about 60 
to about 5000, preferably from about 150 to about 4000. 

Included in this class are the polyhydric alcohols 
disclosed in U.S. Pat. No. 3,745,133, column 9, line 60 to 
column 10, line 70 and whose disclosure with respect to 
said polyhydric alcohols is incorporated by reference 
herein. Also included are the polybutadiene resins con 
taining hydroxyl groups. 
A most preferred class of polyhydric alcohols are the 

polyalkyleneoxy glycols including the polyethyleneoxy 
and polypropyleneoxy glycols falling within a molecu 
lar weight range of from about 200 to about 3000 and 
preferably about 500 to about 3000. 
The isocyanates (V) and (VI) having R2 and R3 radi 

cals in accordance with the de?nitions set forth above 
can be any of the organic mono- and polyisocyanates 
known to those skilled in the art having the carbon atom 
content set forth above. The polyisocyanates have a 
functionality of from about 2 to about 8. 

Preferred are the aromatic isocyanates and most pre 
ferred are the aromatic polyisocyanates. 

Illustrative of the monoisocyanates are the following: 
hexyl isocyanate, decyl isocyanate, cyclohexyl isocya 
nate, phenyl isocyanate, p-methylphenyl isocyanate, 
p-ethylphenyl isocyanate, p-bromophenylisocyanate, 
2,4,6-tribromophenylisocyanate. 

Illustrative examples of the polyisocyanates are: 
hexamethylene diisocyanate, 4,4'-methylenebis(cy 
clohexylisocyanate, m-phenylenediisocyanate, p 
phenylenediisocyanate, l,5-naphthalenediisocyanate, 
biphenyl-4,4'-diisocyanate, 4,4'-methylenebis(phenyl 
isocyanate), 2,4-toluenediisocyanate, 2,6 
toluenediisocyanate, and mixtures thereof; the poly 
methylene polyphenyl polyisocyanates, particularly 
those set forth in U.S. Pat. No. 3,745,133 whose disclo' 
sure with respect to said isocyanates is incorporated by 
reference herein. A particularly preferred group of VI 
consists of 4,4’-methylenebis(phenyl isocyanate), lique 
?ed methylenebis(phenyl isocyanates) of either the 4,4’ 
isomer or mixtures of the 4,4'-isomer and the 2,4’-isomer 
described in U.S. Pat. No. 3,745,133 cited supra, 2,4 
and 2,6-toluenediisocyanates, and mixtures thereof, and 
polyisocyanate mixtures containing from about 30 per 
cent to about 85 percent by weight of methylenebis( 
phenyl isocyanate) and the remainder of said mixture 
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comprising polymethylene polyphenyl polyisocyanates 
of functionality higher than 2.0. 
The organic polyisocyanates which can be trimerized 

to the polyisocyanurate resins in accordance with the 
present invention can be any of the aromatic polyisocy 
anates conventionally employed in the art for this pur 
pose previously including those aromatic polyisocya 
nates listed above having at least two isocyanate 
groups. Advantageously, and in order to obtain resins 
or foams having exceptionally high heat resistance and 
structural strength, the preferred polyisocyanates are 
the polymethylene polyphenylisocyanates noted above, 
and, particularly preferred, those polyisocyanate mix 
tures also noted above which contain from about 30 to 
about 85 percent by weight of methylenebis(phenyl 
isocyanate); the remainder of said mixture comprising 
polymethylene polyphenyl polyisocyanates of function 
ality higher than 2.0. 
The trimerization catalyst employed can be any cata 

lyst known to those skilled in the art which will catalyze 
the trimerization of an organic isocyanate compound to 
form the isocyanurate moiety. For typical isocyanate 
trimerization catalysts see The Journal of Cellular Plas 
tics, November/December I975, page 329; US. Pat. 
Nos. 3,745,133, 3,896,052, 3,899,443, 3,903,018, 
3,954,684, and 4,101,465, the disclosures of these refer 
ences being hereby incorporated by reference herein. 

Typical catalyst classes are the glycine salts and alkali 
metal carboxylic acid salts disclosed in US. Pat. No. 
4,101,465 cited supra and the mixtures of these two 
types of catalysts. Preferred species within the classes 
are sodium N-(2-hydroxy-5-nonylphenyl)methyl-N 
methylglycinate, potassium Z-ethylhexanoate, and mix 
tures thereof. 
The total quantity of catalyst, including mixtures of 

catalysts, in parts by weight per equivalent of polyiso 
cyanate can be easily determined by trial and error for 
any formulation in accordance with the present inven 
tion. Advantageously, the catalyst can be employed 
from within a range of from about 0.1 parts to about 20 
parts by weight per equivalent of polyisocyanate, pref‘ 
erably, from about 0.5 parts to about 10 parts. 
A surprising result of the present invention is the 

large level of catalyst which can be employed without 
undue decrease in the initiation time of the trimerizing 
reaction. In most cases, the initiation times are slower in 
comparison to the prior art. As a result of the higher 
catalyst levels, the cure rates and the isocyanurate con 
tent of the products are both higher than prior art prod 
ucts. Generally speaking, the reaction exotherms of the 
products of the present invention are lower than prior 
art polyisocyanurates nowithstanding the higher cata 
lyst levels employed. 
As an added advantage to ?ow from the slower initia 

tion, more time is available between the mixing of the 
ingredients and the initiation of the reaction, which, in 
turn, allows for more ?exibility in the manipulation 
before foaming, casting, coating, molding, or whatever 
of the polyisocyanurate being produced. 

in carrying out the preparation of the polyisocyanu 
rate foams in accordance with the present invention, the 
procedures and equipment conventional in the art are 
employed; see for example the U.S. patents cited supra. 
Foaming agents, and other optional additives such as 

dispersing agents, cell stabilizers, surfactants, flame 
retardants, and the like, can be employed according to 
the teachings of the incorporated references. A pre 
ferred class of ?ame retardant additives is the phospho 
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8 
rus containing ?ame retardants such as: tris(Z-chloroe 
thyl)phosphate, tris(2-chloropropyl)phosphate, tris(2,3 
dibromopropyDphosphate, tris(l,3-dichloroisopropyl) 
phosphate, and the like. 
The foaming agents employed can be any of the vola 

tile solvents usually employed in the preparation of 
cellular plastics such as the lower molecular weight 
halogenated aliphatic hydrocarbons and water; see US. 
Pat. No. 3,745,133, column ll, lines 21 to 45 inclusive 
for more detailed teaching on blowing agents. 

Surprisingly, the water blown high density 
polyisocyanurate foams in accordance with the present 
invention are characterized by an unusually quick ?rm 
time (see Example 4 below). Comparable high density 
water blown polyurethanes are not ?rm until at least 8 
minutes. 

Non-cellular polymers can also be made in accor 
dance with the present invention using standard tech 
niques known to those skilled in the art either in the 
presence or absence of solvents. The polymers are ob 
tained by carrying out the trimerization of a polyisocya 
nate using the same reactants employed in the cellular 
polymers but in the absence of the blowing agent. The 
reactants can be cast, molded, coated, or otherwise 
deposited by methods known to those skilled in the art, 
to form a solid polyisocyanurate casting, molding, coat 
ing, or other form of solid polyisocyanurate. 
The technique of reaction injection molding (RIM) 

or high pressure mixing is particularly useful in the 
preparation of polyisocyanurates in accordance with 
the present invention. 

If solvent be present it is easily removed under atmo 
spheric pressure or under vacuum, by baking or other 
wise heating which also aids in curing the polymer. 

Particularly preferred forms of the non-cellular poly 
mers in accordance with the present invention are the 
?lm or coating compositions and molded compositions. 

In preparing coating compositions in accordance 
with the present invention the carbamate modi?er, tri 
mer catalyst, and solvent form a stable solution. To this 
stable solution can be added paint additives such as 
pigments, ?llers, ?ow control agents, ?ame retardants, 
and any other additives which are stable towards free 
isocyanate groups. The additives can be incorporated 
into the solution using techniques well known to those 
skilled in the paint industry such as high speed disper 
sion mixers, sand milling, paint mills and the like. 
The polyisocyanate can be added to the stable solu 

tion in any suitable container just before the application 
of the coating solution. Pot life of the coating solution is 
governed by such factors as the activity and concentra 
tion of the catalyst, the solvent concentration, the tem 
perature (both of the solution and substrate to be 
coated), and the like. The coating solution can then be 
brushed, rolled, sprayed and the like onto the surface to 
be coated. 

Alternatively, the stable solution of carbamate modi 
?er, solvent, and catalyst, can be mixed continuously 
with the polyisocyanate at the proper ratio immediately 
before application using plural component spray equip 
ment. 

The coated article is then subjected to a drying and 
curing step. Preferably, complete solvent removal is 
effected under elevated temperature conditions which 
also ensures maximum polymer cure and thereby maxi 
mum coating toughness and adhesion to the substrate. 
Most preferably, the coated article is subjected to both 
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an elevated temperature and a positive flow of air or 
inert atmosphere such as nitrogen. 
Cure temperatures are not critical and can very from 

about 20° C. to about 120° C. The concentration of 
polymer forming ingredients is in no way critical and 
can vary from about 30% to about 90% by weight 
based on the total weight of ingredients and solvent. 

Typical solvents which may be used include aromatic 
solvents such as benzene, toluene, xylene, and the like; 
aliphatic ketones such as acetone, methyl ethyl ketone, 
and the like; dipolar aprotic solvents such dimethyl 
formamide, dimethyl acetamide, dimethyl sulfoxide, 
tetramethylene sulfone, and the like, and mixtures of 
any of the above. 
The following examples describe the manner and 

process of making and using the invention and set forth 
the best mode contemplated by the inventors of carry 
ing out the invention but are not to be construed as 
limiting. 

EXAMPLE 1 

The following experiment sets forth a comparison of 
a polyisocyanurate foam made in accordance with the 
invention (Foam C) with two polyisocyanurate foams 
(Foams A and B) not so made. 
The foams were prepared as hand-mix samples by 

blending together the ingredients (in parts by weight) 
set forth in Table I below, in 1 qt. cups. The blending 
operation was carried out by thoroughly mixing the 
ingredients with a high speed drill press motor equipped 
with a stirrer blade for a standard 10 second period. The 
mixture was rapidly poured into a % gal. tub and al 
lowed to rise freely. 
Foam A employed, as the polyisocyanate component, 

an isocyanate terminated prepolymer (Prepol A) pre 
pared by prereacting a polyoxyethylene glycol ofM.W. 
400 with a polymethylene polyphenylisocyanate mix 
ture (Polyisocyanate I) containing about 50 percent by 
weight of methylenebis(phenyl isocyanate) with the 
remainder comprising polymethylene poly 
phenylisocyanates of functionality higher than 2.0. The 
diol and polyisocyanate were reacted in the proportions 
of 30 parts (0. l 5 equiv.) ofthe former with 134 parts (1.0 
equiv.) of the latter. 
Foam B employed the same polymethylene poly 

phenylisocyanate and polyoxyethylene glycol used in 
preparing the prepolymer in Foam A, without prereact 
ing them to the prepolymer. 
Foam C contained, in addition to the polymethylene 

polyphenylisocyanate component, 60 parts of a Carba 
mate A corresponding to formula (III) above wherein 
n =0, and m2=2, and wherein R2 is p-bromophenyl and 
R4 corresponds to the divalent polyethyleneoxyethy 
lene radical having the formula +CH2CH2O)?,CH2C 
H3— and prepared by mixing together in the following 
proportions 60 g. of the same polyoxyethylene glycol 
used above. and 60 g. of para-bromophenyl isocyanate. 
The urethane product had a calculated carbamate 
equivalent weight of 400. 
A comparison of the rise characteristics shows how 

Foam C in accordance with the invention has a very 
long initiation time in comparison to Foam B even 
though it has a much higher level of Catalyst I. Yet the 
rise. and especially the tack free time, are just as fast if 
not faster than Foam B. Foam A with the isocyanate 
prepolymer, at the same catalyst levels as Foam C, does 
not cure out properly. Additionally. the cure out of 
Foam B. even though the foam exotherm was 310'‘ F. 2 
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minutes after rise, was not complete. Comparatively, 
Foam C had a lower exotherm at 292° F. 4 minutes after 
rise with proper cure, and the % trimer content was 
higher at 15.8% over either Foam A or B. 

TABLE I 

Foams A B C 

Ingredients (parts by wt.) 
Component A: 
Prepol A 164 
Polyisocyanate l 134 I34 
Polyoxyethylene glycol 
(MW 400) 30 
Carbamate A (eq.) (10([).l5 eq.) 
Monot'luorotri 
chloromethane 32 32 32 

L-5340l i0 3.0 3.0 
Component ll: 
Catalyst i1 2.0 0.3 20 
Catalyst n1 2.0 2.0 2.0 
L-5340 4.0 #7 — 

Foam Rise Characteristics: 
(minutcszscconds) 
cream :25 :l2 :27 
initiation :34 :l‘) :37 
second initiation l:22 :53 164) 
rist: 2:15 l:l5 I124 
tack free 5:30 2:00 1:14 

after ltl after 8 — 

minsfoam mins: foam 
surface sides still 

still tacky. 
soft surface 

gummy 
Foam cxotherm. “F. 
(minutes after rise) 236(4) 3|0(2) 292(4) 
Density. pcf. 2.25 
Oxygen index4 27.‘) 
Friahilityt‘% wt.loss)5 32.3w 

Trimer contenth ll.2 lJll 15.8 

:Cnhilyst l is u b7”: w/w solution of|mlussiuni Z-clltyHicsunoutc in polypro|~iylcnc 
glycol 40“ M.W. 
Catalyst ll isa 50"’! w/w solution of sodium N-IZ-hytlrusy-S-iionylplicnyllmcth)l 
N-methylglycinaii: in ilicthylent- glycol. 
‘Oxygen IINlL‘K is n ?ammability test in accordance with the ASTM D-ltlh?» proct'» 
dun: and reported its the percent oxygen content rcquirctl to sustain suniplc combo» 
tioii 
‘Frinhilily is the percent sample weight loss over ii ll) minute period and determined 
in accordance willi AS'I'M l'cst incthoil C-42l 
“'Yr Tt'llllL‘l' Content was determined from the nhsorhnnct- ratio of the infrared punks 
at MlUcni Iand lilllcin ' which represent characteristic pciiks for llll.‘ isocyanu' 
rate ring (the l,1,5~trilictolicxnliytlrotrinliui: ring) unil an aromatic ring absorption us 
Ll“ internal standard The nictliotl is hnwil on the model compound of iri» 
phcnylisiicyanuralc so the maximum '71‘ lrirnci' conlcnl :ittziiiiuhlc iil cornplctt 
conversion would be 35.1‘); (the wt. (7r isocynnurnlc ring content of the model 
triphcnylisocyanurinc) 

EXAMPLE 2 

The following experiment sets forth a comparison of 
three polyisocyanurate foams (Foams E, F, and G) 
made in accordance with the invention with Foam D 
not in accordance with the invention. 
The foams were prepared according to the procedure 

and apparatus set forth in Example I using the ingredi 
ents set forth in Table 11 below. The polyisocyanate and 
catalyst components were identical to those set forth in 
Example 1. 
The Carbamate B component corresponds to formula 

(I) above wherein R1 is the monovalent radical 
CH3(OCHQCH;:_)=,_5 and R2 is phenyl and was prepared 
by mixing 292 g. (0.8 equiv.) ofa monomethyl ether of 
polyethylene glycol of MW 350 and 95.2 g. (0.8 equiv.) 
of phenyl isocyanate together with 2 drops of dibutyltin 
dilaurate and keeping the mixture in an oven at 80° C. 
for 30 minutes. The urethane product had a calculated 
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carbamate equivalent weight of 484. Foams E, F, and G 
contained decreasing amounts of Carbamate B while 
Foam D contained none of this ingredient. 
The cure rates are unusually fast after long initiation 

times for Foams E, F, and G. Furthermore, when com 
pared to Foam D, the Foams E, F, and G all had higher 
trimer content even though they all contained the same 
catalyst concentrations except Foam F which did have 
a lower level of Catalyst 11. In spite of this catalyst 
difference, Foam F still had a higher trimer content 
than Foam D. 

TABLE II 
Foams D E F G 

Ingredients 
(parts by wt.) 

Polyisocyanate l 134 134 134 134 
Carbamate B 
(equivs) 0 121.5(025) 50(0.10)' l0(0.02) 
monofluorotri 
chloromethane 21 .5 42 33 24 
L-5340 3.0 3.0 2.0 3.0 
Catalyst I 2.0 2.0 2.0 2.0 
Catalyst 11 2.0 2.0 1.0 2.0 
Foam Rise 
Characteristics: 

(minutes:seconds) 
cream :10 :40 :13 :10 
initiation :20 :40- l :30 :22 :20 
second initiation :45 2.00 :49 :25 
gel — 2:10 :56 — 

rise :75 2:30 :75 :30—:35 
tack free — 2:50 :68 — 

surface foam so? foam —— 
still after 41(1) ?rm 
tacky some at rise 
after shrinking 

15 mins. 
% trimer content 12.6 25.0 I83 12.9 

‘Contains added 0.6 5. (0.1115 eq.) of 4,4'-melhylencbis-(phenyl isocyanale) to offset 
slight excess moaolnethyl ether of polyethylene glycol MW 350 in this particular 
Carbonate 8 sample. 

EXAMPLE 3 

Using the procedure and apparatus set forth in Exam 
ple 1 and the ingredients set forth in Table III below, 
the following ?ve foams H through L were prepared in 
accordance with the present invention. The foams dif 
fered either in the carbamate ingredient employed or 
else in the catalyst concentration employed. 
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Carbamate C corresponds to formula lll above 

wherein n=0, m2 is 2, R2 is phenyl, and R4 corresponds 
to the divalent polypropyleneoxypropylene radical 
having the formula +CHZCHCH3O)GCHZCHCH3+ 
and was prepared by mixing together in the following 
proportions 119 g. (1.0 equiv.) of phenyl isocyanate, an 
225 g. (1.02 equiv.) of a polypropylene glycol of MW 
425 with 4 drops of dibutyltin dilaurate and keeping the 
mixture in an oven at 200° F. for 4 hours. The urethane 
product had a calculated carbamate weight of 344. 
Carbamate D corresponds to formula (11) above 

wherein n is 0, m1 is 2, R| is the monovalent radical 
CH3(OCI-lzCl-12)7_5, and R3 is the l-methyl-2,4-pheny 
lene radical and was prepared by mixing together in the 
following proportions 353 g. (1.0 equiv.) of a mono 
methyl ether of polyethylene glycol of MW 350, and 87 
g. (1.0 equiv.) of 2,4-toluene diisocyanate with 3 drops 
of dibutyltin dilaurate. The urethane product had a 
calculated carbamate equivalent weight of 440. 
Carbamate E corresponds to formula (II) above 

wherein n is 0, m1 is 2, R| is the monovalent radical 
CH3(OCHzCH1)7_-5, and R3 is the 4,4'-methylenebis( 
phenylene)radical and was prepared by mixing together 
in the following proportions 353 g. (1.0 equiv.) of a 
monomethyl ether of polyethylene glycol of MW 350, 
and 125 g. (1.0 equiv.) of 4,4’-methylenebis(phenyl iso 
cyanate) with 4 drops of dibutyltin dilaurate and keep 
ing the mixture in an oven at 180' F. for 121) minutes. 
The urethane product had a calculated carbamate 
equivalent weight of 478. 
Carbamate F corresponds to formula (1) above 

wherein R1 is the monovalent radical 
CH3(OCH2CH2)-? and R2 is phenyl and was prepared 
by mixing together in the following proportions 345 g. 
(0.6 equiv.) of a monomethyl ether of polyethylene 
glycol of MW 550, and 71.4 g. (0.6 equiv.) of phenyl 
isocyanate with 2 drops of dibutyltin dilaurate in an 
oven at 180' F. for 30 mins. The urethane product had 
a calculated carbamate equivalent weight of 694. 

All of the foams were characterized by a remarkably 
rapid cure, as re?ected in rise and tack free time, in 
relation to such a slow initiation time relative to the 
cure out. The % trimer content was high and density 
easily controllable to a 2 pcf level in all samples. Foams 
I and I show the control which can be e?'ected over rise 
characteristics through a variation in catalyst concen 
tration. 

TABLE III 
Foams H l J K L 

lngredients(parts by wt.) 
Polyisocyanate l 134 134 134 134 134 
Carbamate C (eq) 51 

(0.15 eq) 
Carbamale D (eq) 50 

(0.12 eq) (0.1] eq) 
Carbamate E (eq) 50 

(010 eq) 
Carbamate F (eq) 

(0.03 eq) 
Mono?uorotri 
chloromethane 32 32 32 32 1 6 
L-5340 2.0 2.0 1.0 2.0 1.0 
Catalyst l 4.0 4.0 2.0 2.0 1.0 
Catalyst 11 2.0 2.0 1.0 1.0 05 
Foam Rise Characteristics: ‘ 

(minuteszseconds) 
cream :20 06 :13 :13 :06 
initiation :25 :08 :15 :20 :13 
second 
initiation l :05 — :40 :45 :40 
gel 1:20 — - :55 -— 
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TABLE Ill-continued 
Foams H I .1 K L 

rise 1:30 15 sec. :50 :67 :58 
tack free 2:(Xl — :65 at rise — 

Density, pcl'. 1.84 2.02 2.19 2.00 1.89 
% trimer content 15.2 16.7 14.3 13.8 16.8 

polyurethanes with similar rise pro?les are not ?rm 
EXAMPLE 4 until at least 8 minutes after mixing the ingredients. 

TABLE IV 

Foams M N O P Q 

W 
Polyisocyanate I 50 50 50 50 50 
Carbamate F 25(0.04 eq.) 25(004 eq.) 
Carbamate D 25(006 eq.) 25(0.06 eq.) 
Carbamate C 25(007 eq.) 
Water(no. of drops) 7 4 4 4 7 
L-5340 0.5 0.5 0.5 0.5 0.5 
Catalyst 1 0.7 0.7 0.5 0.7 0.7 

Density(pcf)pro?le with 
time (minuleszseconds) 
after mix: 

Time Density Time Density Time Density Time Density Time Density 

:22 35.8 :15 35.6 :17 43.4 :30 50.5 :20 42.8 
:29 29.8 :22 32 ~ :24 34.8 1:07 37.9 :27 34.3 
:40 25.5 :32 26.7 :36 29 2:12 303 :35 28.5 
:50 22.3 :45 22.9 :51 24.8 3:00 25.3 :45 245 

second 
:63 19.9 :63 20.0 1:13 21.7 initia~ 

tion 
1:20 17.9 1:25 17.8 1:44 19.3 

3:30 rise 1:12 190 
second 

1:40 16.3 1:30 initia~ 2:00 18.3 
tion second 4:00 19.0 1:27 171 

initia- ?rm 
tion 1:48 156 

1:55 15.5 1:45 rise 2:33 rise 2:15 14.3 
2:13 14.9 3:00 10.3 2:30 tack 2:45 13.2 

?rm free 
2:27 14.3 3:30 10.9 3:15 12.2 

?rm second 
initia 
tion 

2:35 second 3:50 gel 
initia 
tion 

3:00 rise 4:00 tack free 

(tack 
free) 

4:15 sides Of 5:00 8.2 ?rm 
cup 

moving 
5:00 8.33 ?rm 

The foll'owin ex rim n g pe e t sets forth ?ve water blown EXAMPLE 5 
molded high density foams (M through Q inclusive) 
prepared in accordance with the present invention. 
_ The foams were prepared by ?rst blending together 
in a paper cup the carbamate, catalyst, surfactant, and 
water, in the proportions set forth in Table IV. The 
polytsocyanate was mixed vigorously into the blend for 
about 10 seconds using a drill press motor equipped 
with an agitator blade. The contents of the cup were 
then poured into a weighed 600 ml. polyethylene beaker 
having volumetric graduation marks on the side. Dur 
mg the course of the reaction in the beaker the volume 
versus time was recorded. At the end of the reaction the 
beaker was weighed and the density versus time data as 
set forth in Table IV was calculated. 
The time-density data shows clearly that an unusually 

qlllCk ?rm time (3 to 5 minutes) is attained for a water 
blown system. Comparable high density water blown 
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Using the procedure and apparatus set forth in Exam 
ple 4 the following two high density water blown 
Foams R and S in accordance with the present inven 
tion were prepared using the ingredients set forth in 
Table V. 
The Carbamate G corresponds to a mixture of carba 

mates comprising (a) the carbamate of formula (11) 
above wherein n is 0 and m1 is 2; and (b) the carbamate 
of formula (11) above wherein n has an average value of 
about 1.5, m1 and m; are both 2, R1 in both (a) and (b) is 
the monovalent radical CH3OCHCH3OCH2CHCH3—, 
R3111 both (a) and (b) is l-methyl-2,4-phenylene, and R4 
in (b) is the divalent polypropyleneoxypropylene radi 
cal having the formula +CHCH3CH2O)-37(CHCH3C 
H2—-. The carbamate G was prepared by mixing to 
gether in a glass bottle in the following proportions, 74 
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grams (0.5 equiv.) of the monomethyl ether of dipropyl 
ene glycol and 56.4 g. (0.648 equiv.) of 2,4-toluene diiso 
cyanate. After a slight exotherm had subsided there was 
added with stirring 148 g. (0148 equiv.) of a polypro 
pylene glycol of M.W. of 2025 and the mixture left 
overnight in an oven at about 70° C. The urethane prod 
uct had a calculated equivalent weight of 429. 
The high density foams had a rapid cure rate even 

though water blown and they were not brittle. 

TABLE V 

Foams R S 

lngredients(parts by wt.) 
Polyisocyanate l 35 35 
carbamate G (eq.) 35 (0.08 eq.) 35 (0.08 eq.) 
Water (no. of drops) 2 
L-5340 0.5 0.5 
Catalyst l H 1.0 

Density(pcl)pro?le 
with time (minutes:seconds) 
after mix: 

Time Density Time Density 

:22 50 :30 51 
:55 37.7 :50 — 

l:l0 30.l l:l0 19.1 ?rm 
l:35 [7.7 
3:00 ?rm 

EXAMPLE 6 

This example sets forth a comparison of a composi 
tion A not in accordance with the present invention 
with coating compositions B to E inclusive below 
which are in accordance with the invention and pre 
pared by mixing the listed ingredients, brushing, or 
dipping the indicated substrates and curing in an oven at 
the stated conditions. 

Composition A 
2 gms. of the monomethyl ether of polyethylene glycol 

of MW 550 
5 gms. of xylene 
10 gms. of methylethyl ketone 
1 drop of Catalyst I (same caty. as in above examples) 
I drop of Catalyst II (same caty. as in above examples) 
18 gms. of a diisocyanate prepolymer comprised of the 

reaction product of 61% w/w of methylenebis(phe 
nyl isocyanate) and 39.5% w/w of a diol derived 
from caprolactone; isocyanate equiv.=225. 
The composition started to react immediately upon 

mixing, as evidenced by a continuous bubbling, with 
gelation occurring within 30 seconds. A ?lm or coating 
could not be cast. 
Composition B (pot life over 1 hour) 

l0 gms. of methylethyl ketone 
5 gms. of xylene 
2 drops of Catalyst I 
I drop of Catalyst II 
5 gms. of Carbamate H‘ 
18 gms. of a diisocyanate prepolymer comprised of the 

reaction product of 6l% w/w of methylenebis(phe 
nyl isocyanate) and 39.5% w/w of a polyester diol 
comprised of 55/45 copolyester of ethylene/butylene 
adipate; isocyanate e uiv.=225 

lCurbamate H corresponds to ormula (11) above wherein n is 0. m1 is 
2. R] is the monovalent radical CH3OCH3CH1—, and R3 is 4.4’~ 
methylenebis(phenylene) and was prepared by mixing together in the 
following proportions 50 g. (0.4 eq.) of methylenebis(phenyl isocya 
nate). and 36 g. (0.4 eq.) of monoethyl ether of ethylene glycol. The 
urethane product had a calculated carbamate equivalent weight oi'2l5. 
Composition B was brushed on untreated aluminum 

and untreated steel sheet samples and the coated sam 
ples cured in an oven at 180° F. for 15 minutes. The 
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coatings on both samples were water white, clear, ?exi 
ble, and hard. The coatings could be pulled off the 
substrates. However, as noted above, neither the alumi 
num nor steel was pretreated or primed. 

Composition C (pot life 1 hour) 
This composition was the same as Composition B 

except that the Carbamate H was replaced by 5 gms. of 
Carbamate I which corresponds to formula (11) wherein 
n is 0, m1 is 2, R1 is the monovalent radical 
CH3(OCH1CH2)E, and R3 is 4,4'-methylenebis(pheny 
lene) and which was prepared by mixing together in the 
following proportions 15.9 g. (0.12 eq.) of me 
thylenebis(phenyl isocyanate) and 70 g. (0.12 eq.) of a 

5 monomethyl ether of polyethylene glycol of MW 550. 
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The urethane product had a calculated carbamate 
equivalent weight of 716. 

Composition C was brushed on untreated aluminum 
and untreated steel sheets and the coated samples cured 
in the oven at 180° F. for 15 minutes. The coatings were 
?exible, with good adhesion. The coatings had a hard 
ness greater than 28 pencil lead. Testing the hardness of 
coatings based on the scale of lead pencil hardness and 
what hardness will scratch the coating, is a standard test 
used in the coating art. 

Composition D (pot life 2-3 minutes) 
l.0 gm. of methylethyl ketone 
10 gms. of toluene 
0.2 g. Catalyst I 
0.2 g. Catalyst II 
3 gms. of Carbamate J2 
6 gms. of methylenebis(phenyl isocyanate) 
2Carbamate J corresponds to formula (III) above wherein n is 0, m1 is 
2. R1 is phenyl, and R4 corresponds to the divalent polyethyleneox 
yethylene radical having the formula +CH2Cl-I2O H2CH2— and 
was prepared by mixing l l9 g. (1.0 equiv.) of phenyl isocyanate, and 2l0 
g. (1.0 equiv.) of polyethylene glycol of MW 400 with I drop ofdibutyl 
tin dilaurate over a one hour period at room temperature. 

Composition D was brushed on to one side of an 
untreated steel panel and cured in the oven at 180° F. 
for 15 minutes. The coating was clear with a high gloss 
and was harder than 28 lead pencil. 

Composition E (pot life of under 10 minutes) 
15 gms. of toluene 
0.2 g. of Catalyst 1 
3.4 g. of Carbamate C (same Carbamate C as in above 

examples) 
13.4 g. of Polyisocyanate I (same polyisocyanate as in 
above examples) 
The clear solution of Composition E was brushed on 

to untreated steel and aluminum sheets which were 
cured in the oven at 200° F. for less than 10 minutes. 
The coating was tack free and hard without being brit 
tle. Adhesion was better on the aluminum than on the 
steel. 

I claim: 
1. In a polymer in which the major recurring unit is 

isocyanurate which polymer comprises the reaction 
product obtained by bringing together an aromatic 
polyisocyanate, and a trimerization catalyst, the im 
provement which comprises incorporating into the 
polymer a minor amount of a carbamate modifier se 
lected from the group consisting of 

RloocNHRg. l 

RiO'Q'OCNHIFjtNHCOOIFOHTOCNHIFNHCOOR i. 
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Y Y 

and mixtures thereof; wherein R1 and R1 each indepen 
dently represents hydrocarbyl; R3 is a polyvalent hy 
drocarbon radical; R4 is a polyvalent organic radical; n 
has an average value from 0 to 10; X represents 

and Y represents 

X Y m2~2: 

wherein n is de?ned above, and ml and m; represent the 
valencies of R3 and R4 respectively. 

2. The polymer according to claim 1 wherein said 
carbamate modi?er has the formula (I). 

3. The polymer according to claim 1 wherein said 
carbamate modi?er has the formula (II). 

4. The polymer according to claim 1 wherein said 
carbamate modi?er has the formula (III). 

5. A cellular polymer according to claim 1 wherein a 
blowing agent is employed with the polymer forming 
ingredients. 

6. In a cellular polymer in which the major recurring 
unit is isocyanurate which polymer comprises the reac 
tion product obtained by bringing together an aromatic 
polyisocyanate, a trimerization catalyst, and a blowing 
agent under foam forming conditions, the improvement 
which comprises incorporating into the foam forming 
reaction mixture a minor amount of a carbamate modi 
?er having the formula (II) de?ned in claim 1. 

7. The cellular polymer according to claim 6 wherein 
said carbamate modi?er is selected from the group con 
sisting of 

(a) said carbamate modi?er (II) wherein n is zero and 
m1 is 2, and said carbamate corresponds to the 
formula R3(NHCOOR1)2; and 

(b) said carbamate modi?er (II) wherein n has an 
average value of from about 0.5 to about 5.0, and 
both m1 and m; have the value 2; and mixtures of 
(a) and (b). 

8. The cellular polymer according to claim 6 wherein 
said polyvalent hydrocarbon radical R3 is an aromatic 
divalent radical. 

9. A cellular polymer in which the major recurring 
unit is isocyanurate which polymer comprises the reac 
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18 
tion product obtained by bringing together under foam 
forming conditions: 
A. a polymethylene poly(phenyl isocyanate); 
B. a trimerization catalyst; 
C. a blowing agent; and 
D. a minor amount of a carbamate modi?er selected 
from the group consisting of 
(a) Rs(NHC00R1)2; 
(b) R1O+OCNHR3NHCOOR4OhOCNHR3NPL 
COOR|; and mixtures of (a) and (b); wherein R1 
is hydrocarbyl; R3 is a divalent aromatic hydro 
carbon radical; R4 is a divalent polyalkyleneox 
yalkylene radical; and n has an average value 
from about 0.5 to about 5.0. 

10. A cellular polymer according to claim 9 wherein 
said carbamate modi?er has the formula 
R3(NHCOOR1)2 wherein R3 is 

and R1 is +cHzcHzolTsCl-l3. 
11. A cellular polymer according to claim 9 wherein 

said _ carbamate modi?er has the formula 
R3(NHCOOR;)1 wherein R3 is 

CH3 

12. A cellular polymer according to claim 9 wherein 
said carbamate modi?er is a mixture of 
R3(NHCOOR|)1, and RlO-1-OCNHR3NHCOOR4O} 
HOCNHR3NHCOOR| wherein 

r"! 
R3is :Q/ , R] is CHCHZO 2 CH3 

CH3 

(‘2H3 fHJ 
R4 is CHCHZO 34 CH—CHZ—, 

and n has an average value of about L5. 
13. A ?lm or coating composition comprising a poly 

mer in accordance with claim 1. 
14. A molded composition comprising an article 

molded from a polymer in accordance with claim l. 
b t ‘I t i 


